Abstract
Introduction

20
In rodent testes, a type A1 spermatogonium (diploid, 2n) 21 gives rise to 256 mature spermatids (haploid, n) in the sem-22 iniferous epithelium during spermatogenesis (for reviews, see and germ cells thereafter, so that differentiating germ cells could 41 move towards the adluminal compartment for further develop-42 ment (for reviews, see Cheng and Mruk, 2002; Lui et al., 2003d ; 43 Mruk and Cheng, 2004) . 
51
Cytokines such as transforming growth factor-␤3 (TGF-␤3) 52 and tumor necrosis factor-␣ (TNF-␣) have been shown to be 53 involved in regulating junction proteins such as claudin-11, 54 occludin and ZO-1 at their transcriptional levels in Sertoli cells 55 (Lui et al., 2001 ). Cytokine-mediated transcriptional regulation 56 of those proteins results in altering the permeability of the TJ 57 barrier both in vitro and in vivo (Lui et al., 2001 (Lui et al., , 2003b  
Occludin
136
Occludin, a 64 kDa protein, was the first TJ integral mem-137 brane protein identified in many epithelia including the rat sem-138 iniferous epithelium (Furuse et al., 1993 (Mankertz et al., 2000) . 153 Although a number of potential cis-acting motifs pertinent to 154 TNF␣-mediated gene transcription, such as NF-IL6 and NF-B 155 (GGGAGGAGGC, at position 1753), were identified within the 156 human occludin promoter sequences, the detailed intracellular 157 pathway that mediates TNF␣-dependent occludin gene repres-158 sion remains to be elucidated.
159
Other studies by Wachtel et al. (2001) have shown a similar 160 negative effect of TNF␣ on occludin gene transcription in astro-161 cytes, but not in brain endothelial cells and Madin-Darby canine 162 kidney cells (MDCK). It was found that TNF␣ suppressed 163 occludin mRNA level, but not ZO-1 expression in astrocytes 164 and the removal of TNF␣ from astrocytes could restore basal 165 expression of occludin. The effect of TNF␣ on occludin expres-166 sion in astrocytes is mediated through TNF␣ type-1 receptor 167 and NF-B. It was suggested that NF-B might either function 168 as a negative regulator through a direct interaction with the cis-169 acting motif located on occludin promoter or exert an indirect 170 effect by activating a repressor that acted on the occludin pro-171 moter (Wachtel et al., 2001 ). 
251
In view of the physiological significance of Snail superfamily 252 in transcriptional regulation of TJ components, it is important 253 that Snail and Slug should be studied more vigorously in the 254 testis for the purpose of elucidating their role in the migration 255 of preleptotene/leptotene spermatocytes across the BTB during 256 the late stage VIII and early stage IX of the epithelial cycle. 
271
Previous studies from our laboratory have shown that TGF-272 ␤3 can down-regulate the expression of claudin-11 in cultured 273 Sertoli cells at the time of TJ assembly, which in turn perturbs 274 the TJ permeability barrier (Lui et al., 2001 ). These results thus 275 suggest claudin-11 plays a vital role in the formation and mainte-276 nance of TJ barrier in the testis. Recent studies have also revealed 277 that follicle stimulating hormone (FSH) and TNF␣ exert a neg-278 ative effect on claudin-11 transcription in mouse Sertoli cells 279 (Hellani et al., 2000) . It was also found that the FSH-driven tran-280 scriptional repression of claudin-11 gene is mediated through 281 the cAMP/protein kinase A pathway (Hellani et al., 2000) . It is 282 believed that a unique transcriptional mechanism might exist to 283 confine the tissue-specific expression of claudin-11 in the testis 284 and brain. Such a postulate is supported by the observation that 285 organ-specific transcription factor such as HNF-1␣ is involved 286 in epithelial cells (Perl et al., 1998) .
339
The transcriptional regulation of cadherin was extensively 340 studied in the field of cancer biology since the down-regulation 341 of E-cadherin expression is highly pertinent to the development 342 of tumors and their progression (Birchmeier and Behrens, 1994 In our laboratory, we have recently isolated the mouse nectin-384 2 promoter for detailed characterization. It was found that Sp1 385 and cAMP response element (CRE) motifs at the proximal pro-386 moter played a crucial role in regulating gene transcription. 387 Interestingly, gel-shift assays, overexpression analysis and chro-388 matin immunoprecipitation assays have unequivocally shown 389 that not only CREB protein interacts with the CRE cis-acting 390 motif, c-Jun, but not c-fos, also acts through the CRE motif 391 to up-regulate the nectin-2 transcription in Sertoli cells (Lui 392 Herein, we attempt to review (i) the mechanism of protein 431 ubiquitination and deubiquitination, (ii) the covalent attachment 432 of ubiquitin to the targeted junction proteins or removing ubiq-433 uitin to rescue degradation, and (iii) endocytosis of cell junction 434 proteins (Fig. 1) .
435
Ubiquitination
436
The ubiquitin conjugation system is composed of ubiquitin 437 and three enzymes namely ubiquitin-activating enzyme (E1), 438 ubiquitin-conjugating enzyme (E2) and ubiquitin-ligase (E3) 439 (for reviews, see Hershko and Ciechanover, 1998; Hicke, 2001) . 440 ligase transfers activated ubiquitin to the target protein (Fig. 2) . proximal to the target proteins or hydrolyze the poly-ubiquitin 469 chains into ubiquitin monomers, and thereby prevent the degra-470 dation of protein by the proteasome (Hochstrasser, 1995) . By 471 the action of the deubiquitinating enzymes, the ubiquitinated 472 protein which is originally destinated to the degradation process 473 can then be rescued (Fig. 2) . Using yeast two-hybrid screening, an E3 ubiquitin ligase Itch 477 was identified to bind specifically to the NH 2 -terminal portion of 478 occludin (Traweger et al., 2002) . This novel interaction between 479 Itch and occludin is involved in the ubiquitination of occludin in 480 MDCK cells, and the degradation of occludin is sensitive to pro-481 teasome inhibition (Traweger et al., 2002) . Such interaction can 482 also be found in the Sertoli cells by which TJs are dynamically 483 rearranged to allow the movement of germ cells in the semi-484 niferous epithelium (Lui and Lee, 2005) . In addition, a novel 485 interaction between Itch and UBC4 (an ubiquitin-conjugating 486 enzyme) on occludin was detected by co-immunoprecipitation. 487 Using the cAMP-mediated TJ disruption model, we have shown 488 that an increase in protein levels of Itch and UBC4 along with a 489 significant reduction in endogenous occludin was detected when 490 TJs were disrupted by dibutyryl-cAMP (db-cAMP). Addition 491 of MG-132 (a proteasome inhibitor) could prevent db-cAMP-492 induced TJ disruption by altering the rate of occludin degrada-493 tion (Lui and Lee, 2005) . These studies support the notion that 494 to the integral protein of cell junctions, it has been reported that 
U N C O R R E C T E D P R O O F
528
In the ubiquitin-proteasome pathway, the ubiquitinated sub- by the precise regulation on the junction protein levels at the site 536 of cell-cell contacts through the specific pathways of ubiquiti-537 nation and deubiquitination (Fig. 2) . , 1999) . 554 Although the detailed mechanism underlying the stabilization 555 of ␤-catenin by Fam has not been fully elucidated, it is presum-556 ably through the deubiquitination of ␤-catenin.
557
It is obvious that the degradation of peripheral membrane 558 proteins AF-6 and ␤-catenin are regulated through the FAM-559 mediated deubiquitination. However, virtually no deubiquitinat-560 ing enzyme specific to the integral membrane protein of AJs and 561 TJs has been identified. Work should be expanded to identify the 562 candidates involved in deubiquitination of the junction proteins 563 as well as to understand the precise regulatory mechanism(s) by 564 which junction dynamics are regulated utilizing these deubiqui-565 tinating enzymes.
566
Although the exact mechanisms of ubiquitination and deu-567 biquitination are not fully understood, the junction proteins 568 at the site of cell-cell contacts are in an ubiquitination-569 deubiquitination equilibrium. Thus, the activity and the expres-570 sion of the E3 ligases and the deubiquitinating enzymes at the 571 site of cell-cell contacts play a crucial role in affecting this equi-572 librium, which in turn modulates the junction dynamics (Fujita 573 et al., 2002) . (Fig. 3) . TJs between two adjacent cells during intercellular motility 597 (Matsuda et al., 2004) . During the shortening of the individual 598 TJs, vesicular structures containing claudin-3 were found in the 599 cytoplasm. Interestingly, occludin, ZO-1 and JAM, which are the 600 major building blocks of TJs, were not detected in the claudin-601 containing vesicles, suggesting that claudin-3, but not other TJ 602 components were selectively segregated during TJ internaliza-603 tion (Matsuda et al., 2004 (Palacios et al., 2001) . Recently, 640 the molecular mechanism of ARF6 on AJ disassembly has 641 been identified. It was found that ARF6-GTP interacted with 642 and recruited Nm23-H1, a nucleoside diphosphate kinase, to 643 facilitate dynamin-mediated endocytosis during AJ disassem-644 bly (Palacios et al., 2002) . All these studies clearly suggest small 645 GTPases play an important role in regulating the endocytosis of 646 junction proteins, resulting in junction remodeling. 
Concluding remarks
648
In this review, we have summarized some of the recent find-649 ings in the study of junction dynamics in epithelial cells, some 650 of the potentially important regulators such as E3 ligase, and 651 regulatory pathways of junction dynamics recently identified 652 in the testis. It is obvious that many questions remain to be 653 addressed. For instance, the precise transcriptional regulation in 654 controlling the testis-specific expression of junction proteins and 655 transcriptional repression of TJ proteins at the stages VIII and 656 IX, by which preleptotene and leptotene spermatocytes traverse 657 the BTB, remain unknown.
658
Studies of the effect of ubiquitination on junction dynamics in 659 the seminiferous epithelium are very limited, apart from a recent 660 study assessing the role of Itch (E3 ligase) on the Sertoli TJ 661 barrier in vitro. This apparently is a priority area that needs to be 662 further investigated in the near future. As such, the identification 663 of specific E3 ligases targeted to different junction proteins and 664 the elucidation of the precise regulatory mechanisms are needed 665 to be addressed. 
